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Summary 
There has been increased interest in and increased usage of forages other than grass silage for 
feeding dairy cows during the winter period. This has arisen because of the inconsistency in 
making good quality grass silage and the low intake characteristics of this feed. The main 
objective of this project was to evaluate the effects on dairy cow intake and performance of 
offering fermented whole crop wheat (WCW) silage, urea-treated processed WCW and maize 
silage in mixtures with grass silage compared with grass silage alone. The value of these 
feeds as supplements to grazed grass in the Autumn for late lactation spring calving cows and 
their effect on dietary nitrogen (N) utilisation for milk protein production were also 
investigated. 
The first two experiments evaluated the effects of including 67% of the forage mixture on a 
dry matter (DM) basis as fermented WCW, urea-treated processed WCW (also known as 
“Alkalage”) or maize silage in comparison to grass silage alone in the diet of autumn calving 
cows. The fermented WCW and urea-treated processed WCW were harvested at a stubble 
height of approximately 20 cm. Sixty and 95% of the grain was milled/cracked in the urea-
treated processed WCW in experiments 1 and 2, respectively. Forages were supplemented 
with concentrates of varying crude protein (CP) concentrations so as to maintain a similar CP 
concentration in the total dietary dry matter across treatments. In both experiments all the 
feeds were well preserved. The DM (g/kg) and starch contents (g/kg DM) in the fermented 
WCW, urea-treated processed WCW and maize silage in experiments 1 were 406 and 282, 
733 and 324, 221 and 140 and in experiment 2 were 370 and 323, 763 and 341 and 302 and 
324, respectively. Results from both experiments were similar. The three forage mixtures 
resulted in greater DM intake and greater fat plus protein production than grass silage. The 
largest effect on intake was obtained with the urea-treated processed WCW which probably 
reflected the greater DM content of this forage mixture compared with the others. Milk 
protein content was generally similar across the three forage mixtures and greater than on 
grass silage as the sole forage. 
In the third experiment short-straw urea-treated processed WCW (harvested at a stubble 
height of 35 cm) was evaluated in comparison to the fermented WCW (harvested at a stubble 
height of 20 cm), maize silage and grass silage. The DM (g/kg) and starch (g/kg DM) 
contents in the fermented WCW, urea-treated processed WCW and maize silage were 389 
and 316, 795 and 382 and 346 and 301, respectively. Fifty nine percent of the grain was 
cracked/processed in the urea-treated processed UP-WCW .Level of inclusion of forages in 
the diets was the same as in the first two experiments and total dietary CP was again 
maintained at a similar concentration across treatments by offering concentrates of varying 
CP concentrations. The higher harvesting height of the urea-treated processed WCW resulted 
in a greater starch concentration in this feed in comparison to the first two experiments. The 
results however were very similar to those obtained in the first two experiments with the 
forage mixtures again increasing DM intake and fat plus protein yield. Inclusion of the short-
straw urea-treated processed WCW did not result in greater fat plus protein production 
compared with the inclusion of fermented WCW or maize silage. The greatest efficiency of 
conversion of dietary nitrogen (N) to milk N was achieved with the maize silage mixture and 
the least efficiency with the urea-treated process WCW mixture. 
In experiment 4 the nutritive value of fermented WCW, urea-treated processed WCW and 
maize silage were evaluated in comparison to a concentrate as supplements to grazed grass 
for spring calving cows in the autumn. A treatment with a high grass allowance of 24 kgDM 
(> 4 cm)/cow per day was also included while the grass allowance on the supplemented 
treatments was restricted to 17 kgDM (> 4 cm)/cow per day. All the supplemented treatments 
and the high grass allowance treatment gave greater milk yields than the unsupplemented 
restricted grass treatment. The concentrate supplement resulted in the greatest solids 
corrected milk yield and this was greater than any of the forage supplemented treatments 
which were not significantly different from one another. 
In the final experiment the output of N in milk, urine and faeces was measured when grass 
silage, fermented WCW, urea-treated processed WCW and maize silage were fed as the sole 
forages plus 6 kg of a concentrate containing 338 g crude protein/kg DM. The proportion of 
consumed N excreted in urine and faeces was greatest on grass silage and urea-treated 
processed WCW with fermented WCW and maize silage resulting in the greatest proportion 
of consumed N being excreted in milk. 
Overall, the project demonstrated that including either type of WCW or maize silage with 
grass silage increased fat plus protein production and protein concentration to a similar extent 
compared to grass silage as the sole forage. All three forages increased DM intake with the 
greatest increase observed with urea-treated processed WCW.  
Because of this greater intake resulting in similar fat plus protein production conversion of 
dietary DM to milk solids was less efficient on urea-treated processed WCW based diets than 
on fermented WCW or maize silage based diets. Grass silage and urea-treated processed 
WCW based diets were least N efficient with less dietary N being incorporated into milk N 
than on fermented WCW or maize silage based diets. Comparing the responses on the forage 
mixtures relative to one another and to grass silage across experiments 1 to 3 indicates that 
neither degree of grain processing or harvesting height (within the ranges studied here) are of 
substantial importance in determining the nutritive value of urea-treated processed WCW. All 
of the three alternative forages gave similar solids corrected milk yield responses when used 
as buffer feeds for spring calved cows at pasture in the autumn but these responses were less 
than 50% of the response to a concentrate supplement. 
Introduction 
Whole crop cereal (WCC) silage is made from autumn or spring sown wheat or barley 
normally but can also be made from oats or triticale. The cereal is grown as for high yielding 
grain production and has conventionally been harvested at dry matter (DM) concentrations of 
350-600 g/kg. Different systems of ensiling such crops have been adopted in different 
countries and new technologies for ensiling them are still being developed. Traditionally 
crops harvested at 350-450 g/kg of DM were ensiled either with or without an additive in 
order to produce fermented whole crop silage. Crops harvested at close to 600 g/kg of DM 
are generally treated with urea to produce urea-treated whole crop.  
Early work on WCC silage in Denmark was reviewed by Kristensen (1992). More recent data 
from the UK, with dairy cows, on including either fermented or urea treated WCC silage with 
grass silage indicate increases in forage DM intake of 15-25% with modest or no increases in 
milk yield or composition (Phipps et al., 1995; Leaver and Hill, 1995; Hamleers 1998). In 
two of these studies the fermented whole crop silage had very low starch contents of less than 
20 g/kg. O’Kiely and Moloney (2002) reported that including whole crop wheat silages with 
grass silage increased carcass gain in beef heifers. 
Sutton et al. (1997) concluded that low digestibility, particularly of the starch component was 
responsible for the small milk yield response relative to the increased forage DM intake 
obtained, especially with the higher DM urea-treated whole crop. Attempts to improve the 
utilisation of urea-treated whole crop wheat (WCW) by lactating dairy cows either through 
offering different types of supplement with it or by pre treatment with caustic soda or 
molasses were unsuccessful (Sutton et al., 2001). The processing of the grain component of 
the urea-treated whole crop at harvesting is a new concept which attempts to improve the 
utilisation of this feed. With urea-treated processed whole crop the whole crop is harvested 
(with a harvester having a special unit capable of milling 99 percent of the grain passing 
through it to a course ground material) at a later stage of growth (700-800 g/kg crop DM) and 
treated with an additive containing urea and urease enzyme (e.g. Home N’Dry). This feed is 
also known as “Alkalage”. 
The objective of this project was to evaluate urea-treated processed whole crop wheat 
(WCW), fermented WCW and maize silage as part of a mixed forage with grass silage in 
comparison to grass silage as the sole forage in the diet of early lactation dairy cows and as 
buffer supplements to spring calving cows on autumn pasture.  
Experiments 
Experiments 1 and 2 
Comparative evaluation of grass silage, fermented whole crop wheat silage, urea-treated 
processed whole crop wheat silage and maize silage in the diet of early lactation cows 
Introduction 
When this project was commenced there were no data from Ireland on the nutritive value of 
fermented WCW and no published data on urea-treated processed WCW. Work evaluating 
the effects of processing at harvesting and the effects of cutting height and the type of 
supplement offered to dairy cows with urea-treated processed WCW has since been reported 
(Jackson et al., 2003, 2004; Sinclair et al., 2005) but the comparative feeding value of this 
feed with other ensiled crops has not been published. The objectives of experiments 1 and 2 
were to compare the effects of including fermented WCW, urea-treated processed WCW, or 
maize silage with grass silage on intake and production of dairy cows in early lactation. 
Materials and Methods 
Crops 
In 2002 winter-sown wheat (cv. Madrigal) was harvested on July 30 for fermented and on 
August 23 for urea-treated processed WCW. Biotal Whole Crop Gold was applied as an 
additive to the fermented crop. In 2003 spring-sown wheat (cv. Raffles) was harvested on 
August 15 for fermented and September 2 for urea-treated processed WCW. No additive was 
used on the fermented crop. In both years Home‘n’Dry additive (Volac Ltd., Killeshandra, 
Co. Cavan) was applied over each trailer load of forage in the clamp at an estimated rate of 
30 kg/t to produce the urea-treated processed WCW. Both the fermented and urea-treated 
processed WCW were harvested to stubble heights of approximately 20 cm. In both years 
grass silage was from a second cut predominantly perennial ryegrass sward field wilted 
following harvesting, for approximately 24 h, and ensiled without additive. The maize silage 
was from material sown without plastic and harvested in mid October in 2002 (cultivar 
unknown) and late September in 2003 (cv. Avenir). 
Experimental design and treatments 
The forage treatments were offered to autumn calving cows in both experiments. In 
2002/2003 experiment 1 was a Latin Square design with 4 periods of 4 weeks duration each. 
Data from weeks 3 and 4 of each period were used to compare the treatments. A total of 16 
cows (4 squares of 4 cows each) were on treatments between weeks 8 and 24 of lactation 
approximately. In 2003/2004 experiment 2 was a randomised block design with a total of 60 
cows. The experiment lasted 11 weeks, with the first week used as an adaptation week, and 
data from weeks 2 to 11 were used to compare treatments. In both experiments cows were 
blocked on the basis of days in milk (DIM) and pre-experimental milk yield. Cows were on 
experiment between weeks 4 and 15 of lactation approximately. In both experiments the 
forage treatments consisted of:  
1. grass silage (GS)  
2. a mixture of grass silage and fermented WCW (F-WCW)  
3. a mixture of grass silage and urea-treated processed WCW (UP-WCW)  
4. a mixture of grass silage and maize silage (M).  
Grass silage made up 33 % of the forage mixtures on a DM basis. Cows were offered 10 kg 
and 8 kg per head per day of concentrates in experiments 1 and 2, respectively and the crude 
protein (CP) content of the concentrates was varied so that the CP contents of the total diets 
would be similar. In experiment 1 the grass silage was changed in week 10 because of 
apparently deteriorating quality of the first silage used. Animals were housed in cubicles 
fitted with rubber mats, bedded with sawdust twice daily with the loafing area scraped every 
two hours. All animals had continuous access to water.  
Measurements 
Separate samples of grass silage, fermented WCW, urea-treated processed WCW and maize 
silage were taken twice weekly. Concentrate samples were taken once weekly. Forage and 
concentrate intakes were measured daily in an electronic feeding system (Griffith Elder and 
Company Ltd., Bury St. Edmunds, Suffolk, IP33 2RU, England). Forage DM intakes were 
calculated by applying the DM contents of the forages sampled on Tuesdays and Thursdays 
(determined by oven drying at 40 °C for 48 h) to the fresh forage intakes. Milk yield was 
recorded automatically on a daily basis using electronic milk meters (DairyMaster, 
Causeway, Co. Kerry, Ireland). Milk composition (fat, protein, and lactose) was determined 
once weekly from successive morning and evening milk samples by automated infrared 
absorption analysis (Milkoscan 605, Foss Electric, DK-3400 Hillerod, Denmark). Milking 
took place at 0700h and 1530h during the experiment. Cow bodyweight (BW) was measured 
once weekly after morning milking using electronic scales (Tru -Test). The body condition 
score (BCS) (Lowman et al., 1976) of the animals on a scale of 1 (thinnest) to 5 (fattest) was 
determined once weekly in conjunction with BW measurement. Blood samples obtained from 
the coccygeal vessels in the last week of each period in experiment 1 were analysed for 
glucose, non-esterified fatty acids, ß- hydroxy butyrate, total protein and urea.  
The degree of grain processing was determined by the following procedure. A 100 – 150 g 
subsample was taken from a larger sample from the clamps in December. The sub-samples 
were dried overnight at 95 
o
C. They were then placed on a large white tray and separated in 
good light into three components, straw, whole unprocessed grain and milled or 
shattered/damaged grain. After completion of the separation the three components were 
placed in an oven again, dried for four hours at 103 
o
C and then re-weighed. Each component 
was then expressed as a percentage of the total dry weight. 
Statistical Analysis 
Data were analysed by SAS (1991). In experiment 1 mean data from weeks 3 and 4 of each 
period were analysed for a balanced Latin Square design taking out effects of treatment, 
period, square, treatment by square and cow within square. In experiment 2 the mean data 
between weeks 2 and 11 of the experiment (first week taken as an adaptation week) were 
analysed as a randomised block using lactation number, calving date and data in the 
immediate pre-experimental week as covariates. Differences between means were tested for 
significance using Students t-test.  
Results 
Chemical composition of the forages 
The chemical composition of the forages at feeding is shown in Table 1. The grass silage, 
fermented WCW silage and the maize silage were all well preserved as indicated by their pH 
values. The starch content of the maize silage in experiment 1 was low which reflected the 
growing conditions in that year. In both experiments the starch content of the urea-treated 
processed WCW was 40-60 g/kg DM greater than that of the fermented whole crop. The 
addition of the urea containing Home‘n’Dry additive increased the CP content of the urea-
treated processed WCW by 30-40 g/kg DM over the fermented WCW. Approximately 60% 
and 95% of the grain was milled/cracked in the urea-treated processed WCW in experiments 
1 and 2, respectively. 
Table 1. The chemical composition of the forages in experiments 1 and 2 (g/kg DM 
unless specified otherwise) 
Expt 1. 2002/2003 Forage Type 
Grass Silage Fermented WCW
1
 Urea-treated 
processed WCW
1
 
Maize 
Silage 
1 2 
DM (g/kg) 222 257 406 733 221 
CP 151 143 86 127 102 
NDF
2
 536 520 434 424 553 
Ash 78 76 35 28 39 
Starch - - 282 324 140 
pH 4.08 3.98 4.24 6.79 4.20 
Expt. 2 2003/2004 
DM (g/kg) 231 370 763 302 
CP 151 102 132 88 
NDF 548 500 498 511 
Ash 75 42 42 40 
Starch - 323 341 324 
pH 3.99 4.16 6.26 4.14 
1 
WCW = whole crop wheat 
2 
NDF = Neutral detergent fiber 
 
 
Intake and Performance  
The performance of the cows on the treatments is shown in Table 2. In both experiments the 
forage mixtures (F-WCW, UP-WCW and M) resulted in greater (P<0.001) forage DM 
intakes than grass silage alone (GS), with UP-WCW having the highest intake. Milk yield 
was similar on the forage mixtures in experiment 1 and was greater (P<0.01) than on GS. In 
experiment 2 milk yield on M was greater (P<0.05) than on GS whereas milk yields on F-
WCW and UP-WCW, though numerically greater, were not significantly greater than on GS. 
In both trials the yield of fat plus protein was similar on the three forage mixtures and was 
greater (P<0.01) than on GS. Milk protein content was not significantly different between 
mixed forage treatments and was generally greater (P<0.05) on the mixed forages than on 
GS. Lactose yields tended to be lower on GS being significantly lower than on F-WCW and 
UP-WCW in experiment 1 and M in experiment 2. Changes in BW and BCS were not 
determined in experiment 1 because of the trial design but they were measured in experiment 
2. The BCS change was not significantly different between treatments but BW gain was 
significantly greater on UP-WCW than M.  
Blood metabolite concentrations were similar on all treatments when measured in 2002/2003. 
Table 2. Cow performance on the different forage treatments in experiments 1 and 2 
(2002/2003 and 2003/2004). 
Expt. 1 2002/2003 Forage Type
1
  
GS
1
  F-WCW
2
  UP-WCW
3
 M
4
  s.e.m. 
Milk (kg/d) 27.6
a5
  29.7
b
  29.4
b
  29.6
b
  0.57 
Fat (kg/d) 1.08
a
  1.13
ab
  1.10
a
  1.19
b
  0.027 
Protein (kg/d) 0.85
a
  0.94
b
  0.93
b
  0.92
b
  0.019 
Lactose (kg/d) 1.29
a
  1.39
b
  1.39
b
  1.36
ab
  0.030 
Fat (g/kg) 39.6 38.4 37.8 40.4 0.89 
Protein (g/kg) 30.7
a
  31.7
b
  31.7
b
  31.2
ab
  0.23 
Lactose (g/kg) 46.6
a
  46.9
a
  47.1
a
  46.0
b
  0.20 
Fat + protein (kg/d) 1.93
a
  2.07
b
  2.03
ab
  2.11
b
  0.040 
Forage DMI 8.8
a
  12.8
b
  14.8
c
  11.2
d
  0.38 
Total DMI 16.5
a
  20.8
b
  22.7
c
  19.7
b
  0.51 
Expt2. 2003/2004 
Milk (kg/d) 30.8
a
  32.8
ab
  31.2
ab
  33.7
b
  0.87 
Fat (kg/d) 1.13
a
  1.18
ab
  1.26
b
  1.28
b
  0.045 
Protein (kg/d) 0.91
a
  1.02
b
  1.00
b
  1.04
b
  0.025 
Lactose (kg/d) 1.44
a
  1.52
ab
  1.47
ab
  1.59
b
  0.043 
at (g/kg) 36.7
a
  36.2
a
  40.2
b
  38.5
ab
  0.87 
Protein (g/kg) 29.7
a
  30.8
ab
  31.9
b
  31.5
b
  0.49 
Lactose (g/kg) 46.6
ab
  46.2
a
  47.1
ab
  47.4
bc
  0.36 
Fat + protein (kg/d) 2.05
a
  2.19
ab
  2.26
b
  2.32
b
  0.065 
Forage DMI 8.7
a
  14.3
b
  16.4
c
  13.2
b
  0.44 
Total DMI 15.5
 a
  21.1
b
  23.2
c
  19.9
b
  0.43 
BW change (wk 11-2) 7.1
ab
  16.2
ab
  24.1
a
  3.4
b
  6.15 
Table 2. Cow performance on the different forage treatments in experiments 1 and 2 
(2002/2003 and 2003/2004). 
Expt. 1 2002/2003 Forage Type
1
  
GS
1
  F-WCW
2
  UP-WCW
3
 M
4
  s.e.m. 
BCS change (wk 11-2) 0.11 0.15 0.15 0.05 0.073 
1
GS = grass silage; 
2
F-WCW = grass silage/fermented whole crop wheat (0.33/0.67 on DM 
basis); 
3
UP-WCW = grass silage/urea-treated processed whole crop wheat (0.33/0.67 on DM 
basis); 
4
M = grass silage/maize silage (0.33/0.67 on DM basis); 
5
 Means with different 
superscripts differ significantly (P<0.05) 
Conclusions 
The results indicate that fermented WCW, long straw urea-treated processed WCW and 
maize silage in mixtures with grass silage increase DM intake and milk fat plus protein 
production compared to grass silage as the sole forage for dairy cows in early lactation. The 
largest effect on intake was obtained with the urea-treated processed WCW and this was 
partly reflected in significantly greater BW gain on this forage compared to the maize silage. 
This however, did not fully account for the higher intake on the urea-treated processed 
WCW. 
Experiment 3 
The effect on milk production and nitrogen efficiency in autumn calving dairy cows of 
including short-straw urea-treated processed WCW, fermented whole crop wheat, and maize 
silage in the diet  
Introduction 
In winter milk production, the use of alternative forages such as maize and whole crop cereals 
can play an important part in improving overall forage intake or when either the quantity or 
quality of grass silage are limiting. Maize silage, fermented WCW and “long straw” (stubble 
height after harvesting of ~20 cm) urea-treated processed WCW were found to increase DM 
intake and improve dairy cow performance in experiments 1 and 2. The urea-treated 
processed WCW resulted in the greatest forage DM intake of the three mixed forage diets but 
didn’t result in greater fat plus protein production. In an attempt to increase cow performance 
from this feed relative to fermented WCW and maize silage the effect of increasing its starch 
content and reducing its straw content by cutting at a higher stubble height was investigated. 
Thus the objective of this experiment was to evaluate “short-straw” (stubble height after 
harvesting of ~35 cm) urea-treated processed WCW in comparison to fermented WCW and 
maize silage in the diet with grass silage in relation to intake, animal performance and 
nitrogen (N) excretion by dairy cows.  
Materials and Methods 
Crops 
Grass silage was prepared without additive from the first cut of a predominantly perennial 
ryegrass sward, which was harvested on May 19, 2004. The F-WCW and UP–WCW were 
prepared from a spring wheat variety (cv. Raffles). The fermented WCW was harvested at a 
DM content of 414 g/kg on August 4, 2004 leaving a stubble height of approximately 20 cm 
and ensiled in a walled silo without additive under plastic sheeting. The urea-treated 
processed WCW was harvested at a DM content of 750 g/kg on August 27, 2004 leaving a 
stubble height of approximately 35 cm. It was ensiled in a walled silo and the urea additive 
‘Home ‘n’ Dry’ alkaline preservative (Volac Ltd., Killeshandra, Co. Cavan, Ireland) was 
applied over each trailer load of the forage in the clamp at a rate of 35 g/kg. The maize silage 
was of the Avenir variety, which was sown without plastic mulch. It was harvested at a DM 
content of 373 g/kg on October 7, 2004 and ensiled.  
Experimental design and treatments 
Fifty-six (36 multiparous, 20 primiparous) autumn calving Holstein-Friesian dairy cows were 
blocked on the basis of DIM and milk yield into groups of four (multiparous and primiparous 
separately) and assigned from within blocks to forage treatments as follows: 
1. Grass silage (GS) 
2. A mixture of grass silage and fermented WCW silage (F-WCW) 
3. A mixture of grass silage and short-straw urea-treated processed WCW (UP-WCW) 
4. A mixture of grass silage and maize silage (M) 
As in experiments 1 and 2 grass silage made up 33 % of the forage mixtures on a DM basis. 
The forages were supplemented with 8 kg/day of concentrates per cow, as fed, of differing 
CP concentrations in order to maintain the CP concentration of the overall diet at 
approximately 160-170 g/kg DM. Cows in each treatment were in the same body condition at 
the beginning of the experiment (28 DIM). Cows were housed immediately after calving and 
were trained to use the Griffith Elder (Griffith Elder and Company Ltd., Bury St., Edmunds, 
Suffolk, UK.) controlled feeding boxes. The pre-experimental diet was a 50:50 grass silage: 
maize silage mixture plus 8 kg of a 250 g/kg concentrate. The experimental period was 11 
weeks, with the first week used as an adaptation week, and data from weeks 2 to 11 used to 
compare treatments. Cows were on trial between weeks 4 and 15 of lactation approximately. 
At the start of the experiment mean milk yield was 28.4 kg/d (s.d 6.69), lactation number was 
3.1 (s.d 2.21), and DIM were 27.6 (s.d 10.65). Animals were housed in cubicles fitted with 
rubber mats, bedded with sawdust twice daily with the loafing area scraped every two hours. 
All animals had continuous access to water. 
Measurements 
Intake, milk yield, milk composition, BW and BCS measurements were determined as in 
experiments 1 and 2. Blood samples were collected from the coccygeal vessels after morning 
milking once in the 4
th
 and 8
th
 week of the experiment into vacutainers coated with lithium 
heparin as an anticoagulant. The samples were immediately placed on ice packs and 
processed within 1hr of sampling. The samples were centrifuged at 3500g at 0
o
C for 10 
minutes; the plasma was decanted and frozen at -18
o
C prior to analysis.  
The degree of grain processing for the urea-treated processed WCW was determined as in 
experiments 1 and 2. 
 
 
Statistical Analysis 
Data from weeks 2 to 11 of the experiment were used in the statistical analyses. A mixed 
model using PROC MIXED (SAS, 2005) was used to compare treatments for milk yield, 
milk constituent yield, milk composition, BW and BCS, DM and PDI (protein digestible in 
the small intestine) intake, blood metabolites and urine N. The class variables included in the 
model were experimental week, treatment and block, and cow was included as a repeated 
effect. Least squares means were obtained and differences between means were tested for 
significance using the t-test following the Tukey adjustment for multiple comparisons. The 
BW change and BCS change were analyzed using PROC GLM (SAS, 2005). Class variables 
included in the model were treatment and block. Least squares means were again obtained 
and compared using the t-test. 
Results 
Chemical composition of the forages 
The chemical composition of the forages at feeding is shown in Table 3. There was a large 
variation in DM between the different forages as anticipated. The CP contents of the F-WCW 
and MS were similar with the UP-WCW being higher than both. The GS had a high CP 
concentration of 179g CP/kg DM and also a high in vitro DMD (761g/kg) indicating good 
quality.  
Fifty nine percent of the grain was cracked/processed in the urea-treated processed UP-
WCW. 
Table 3. Chemical composition of forages offered in experiment 3 
  Forages 
  Grass 
silage 
Fermented 
WCW1 
Urea-treated 
processed WCW1 
Maize 
silage 
DM (g/kg) 204 389 795 346 
DM composition (g/kg)         
CP 179 90 141 93 
NDF
2
 565 391 360 390 
Ash 74 38 30 42 
Starch 0 316 382 301 
Ether extract 45 25 20 30 
DMD
3
 762 711 768 783 
OMD
3
 761 717 781 788 
DOMD
3
 705 690 758 756 
ME
4
 (MJ/kg DM) 10.6 10.3 11.4 12.1 
PDIN
5
 104 55 85 57 
PDIE
5
 75 75 80 85 
Fermentation characteristics 
(g/kg DM) 
        
Lactic acid 39 n.d. n.d. 43 
Table 3. Chemical composition of forages offered in experiment 3 
  Forages 
  Grass 
silage 
Fermented 
WCW1 
Urea-treated 
processed WCW1 
Maize 
silage 
Acetic acid 33 1 3 21 
Propionic acid 3 n.d. n.d. 1 
Butyric acid 2 n.d. n.d. n.d. 
Ethanol 7 n.d. n.d. 1 
Propanol 7 n.d. n.d. n.d. 
pH 3.9 4.3 7.8 3.9 
Ammonia-N (g/kg total N) 89 20 110 67 
1 
WCW = whole crop wheat 
2 
NDF = Neutral detergent fiber 
3 
In-vitro (Tilley and Terry, 1963), DMD = DM digestibility, OMD = organic matter 
digestibility, DOMD = digestible organic matter concentration in the DM  
4 
Estimated based on DOMD (Energy Allowances and Feeding Systems for Ruminants. 1987. 
Her Majesty’s Stationary Office, London. Reference book 433, pp71). 
5
 PDIN = True protein digested in the small intestine when fermentable N is limiting 
PDIE = True protein digested in the small intestine when fermentable energy is limiting 
n.d. = not detectable. 
Intake and performance 
The three mixed forage treatments resulted in greater (P<0.001) forage DM intake than grass 
silage alone (GS) (Table 4). Treatment UP-WCW resulted in the greatest forage DM intake 
and was greater (P<0.001) than M, which was in turn greater (P<0.001) than F-WCW. 
Concentrate DM intake was similar for GS, F-WCW and M, but lower (P<0.05) for UP-
WCW than F-WCW and M. Total DM intake followed a similar trend to forage DM intake. 
Treatment GS had a lower (P<0.001) milk yield and solids corrected milk (SCM) yield than 
UP-WCW and M. Milk and SCM yield on M was greater (P<0.001) than all other treatments. 
Milk fat plus protein yields were greater (P<0.001) for the three mixed forage treatments (F-
WCW, UP-WCW and M) than GS. Milk protein yield was also greater (P<0.001) for M than 
F-WCW. Milk lactose yield was greater (P<0.001) for UP-WCW and M than GS but not F-
WCW. There was no significant difference in milk fat or lactose concentrations between 
treatments. Milk protein concentration was similar for F-WCW, UP-WCW and M but was 
greater (P<0.001) for all three than for GS. There was no significant difference in average 
BW, BCS, or BCS change between treatments. However, cows on GS lost more (P<0.05) 
BW than cows on F-WCW, UP-WCW and M. There was no significant difference between 
treatments for any of the blood metabolites measured.  
Table 4. Cow performance on the different forage treatments in experiment 3  
  GS
1
 F-WCW
1
 UP-WCW
1
 M
1
 s.e.m 
Concentrate DMI (kg/d) 5.9
ab
  6.2
a
  5.8
b
  6.2
a
  0.11 
Forage DMI (kg/d) 7.6
d
  10.9
c
  14.4
a
  12.1
b
  0.29 
Total DMI (kg/d) 13.5
d
  17.1
c
  20.0
a
  18.3
b
  0.32 
Milk yield (kg/d) 26.5
c
  29.2
bc
  30.2
b
  33.2
a
  0.85 
Milk fat (kg/d) 0.91
b
  1.12
a
  1.10
a
  1.20
a
  0.045 
Milk protein (kg/d) 0.77
c
  0.90
b
  0.94
ab
  1.02
a
  0.027 
Milk lactose (kg/d) 1.22
c
  1.34
bc
  1.43
b
  1.57
a
  0.043 
Milk Fat + Protein (kg/d) 1.62
c
  1.98
b
  1.99
b
  2.22
a
  0.081 
Solids corrected milk (kg/d) 25.2
c
  27.7
bc
  28.6
b
  31.6
a
  0.82 
Milk Fat (g/kg) 33.5 37.9 35.4 35.5 1.17 
Milk Protein (g/kg) 28.5
b
  30.5
a
  31.3
a
  30.7
a
  0.47 
Milk Lactose (g/kg) 46.7 45.8 48.1 47.4 0.75 
BW (kg) 564 594 589 595 13.6 
BW change (kg/d) -0.27
b
  -0.06
ab
  -0.01
a
  0.05
a
  0.08 
BCS 2.84 2.93 3.07 2.96 0.09 
BCS change -0.18 -0.18 -0.28 -0.11 0.09 
abc
 Means within rows having different superscripts differ significantly (P<0.05) 
1 
GS = grass silage, F-WCW = fermented whole crop wheat, UP-WCW = urea treated 
processed whole crop wheat, M = corn silage 
Dietary N excretion and conversion to milk N 
Treatment GS had a lower (P<0.001) N intake than the other treatments while N intake was 
greater (P<0.001) on UP-WCW than on F-WCW or M (Table 5). Output of N in milk was 
lower (P<0.001) on GS than on the other treatments and milk N output was greater (P<0.001) 
on M than on F-WCW with UP-WCW intermediate (P = 0.81) between the two. Treatments 
GS and UP-WCW had a lower (P<0.001) proportion of consumed N excreted in milk than F-
WCW and M; the proportion was greater (P<0.001) on M than on F-WCW.  
Table 5. Nitrogen utilization on the different forage treatments in experiment 3 
  GS
1
  F-WCW
1
  UP-WCW
1
  M
1
  s.e.m. 
N intake (g/d) 415
c
  442
b
  566
a
  456
b
  7.7 
Milk N output (g/d) 117
c
  140
b
  146
ab
  161
a
  4.9 
Milk N as a proportion of N intake 0.28
c
  0.32
b
  0.26
c
  0.36
a
  0.008 
abc
 Means within rows having different superscripts differ significantly (P<0.05) 
1 
GS = grass silage, F-WCW = fermented whole crop wheat, UP-WCW = urea treated 
processed whole crop wheat, M = corn silage 
 
Conclusions 
The results of this study show that replacing 67% of grass silage DM with fermented WCW, 
short-straw urea-treated processed WCW or maize silage has a positive effect on DM intake 
and milk protein concentration. An improvement in daily milk yield was achieved by offering 
urea-treated processed WCW and maize silage. These forages also had a positive effect in 
terms of reducing BW loss in early lactation. The short-straw urea-treated processed WCW 
did not result in improved cow production compared to fermented WCW or maize silage. A 
high efficiency of N utilization was achieved by offering a mixture of maize silage and grass 
silage while in contrast the largest inefficiency of N utilization was shown by grass silage 
offered alone or offered with urea-treated processed WCW. In terms of increasing overall 
milk production and improving N utilization, these results suggest that maize silage is likely 
to be superior to fermented or urea-treated processed WCW in mixtures with grass silage. 
Experiment 4 
Short-straw urea-treated processed WCW, fermented whole crop wheat and maize silage as 
supplements to grazed grass for spring calving cows in the autumn 
Introduction  
In spring-calving herds the requirement for conserved forages for indoor feeding is very 
limited but these feeds may have a role to play as buffer feeds in the spring and autumn 
periods when grass supply is less than required or as alternatives to concentrates on pasture 
for cows in early lactation. The objective of this experiment was to compare fermented 
WCW, urea-treated processed WCW, maize silage and concentrates as buffer feeds on 
pasture with spring-calving cows in the autumn. 
Materials and Methods  
Experimental design and treatments 
Ninety cows were blocked on calving date and milk yield (19.9 ± 1.5 kg/head per day), into 
groups of six and assigned randomly to the following treatments: 
1. 17.5 kg of grass DM allowance (LG) 
2. 24 kg of grass DM allowance (HG) 
3. LG + 4 kg concentrate DM (C) 
4. LG +4 kg maize silage DM (M) 
5. LG + 4 kg urea-treated processed WCW DM (UP-WCW) 
6. LG + 4kg fermented WCW DM (F-WCW). 
The treatments were in place from September 13 to November 7, 2004 over 2 grazing 
rotations. The animals grazed as three separate herds. Both LG and HG were grazed 
separately while the four supplemented treatments were grazed together as a herd of 60 cows. 
The supplementary forages were the same as those fed in experiment 3. They were group fed 
from a diet feeder after morning milking. The concentrate (unmolassed beet pulp 612 kg/t, 
corn gluten 330 kg/t, minerals 43 kg/t, oil 15 kg/t) was fed individually in the milking parlour 
in two equal feeds daily. The cows were offered fresh grass after morning milking.  
Measurements 
Herbage mass (above 50mm) was determined in each grazing paddock by cutting either four 
or six strips (0.5 × 10m) with an Agria motor scythe. Ten grass height measurements were 
recorded in each cut strip (pre and post harvesting) to determine the sampled height and 
calculate the bulk density (kg DM per mm/ha). The sward height before grazing was 
measured. This sward height multiplied by the mean bulk density from the Agria cuts was 
used to calculate the herbage mass in the paddocks. Thirty pre and post grazing sward heights 
were measured daily for each treatment with a rising plate meter. Milk yield was recorded 
automatically on a daily basis using electronic milk meters (DairyMaster, Causeway, Co. 
Kerry, Ireland). Milk composition (fat, protein, and lactose) was determined once weekly 
from successive morning and evening milk samples by automated infrared absorption 
analysis (Milkoscan 605, Foss Electric, DK-3400 Hillerod, Denmark). Composite morning 
and evening bulk milk samples were taken from each treatment on one day weekly for 
processability measurements using a Rheometer. 
Cow BW was measured once weekly after morning milking using electronic scales (Tru -
Test) and cow BCS (Lowman et al. 1976) on a scale of 1 (thinnest) to 5 (fattest) was 
determined once weekly in conjunction with the BW measurement.  
Statistical analysis 
Statistical analysis was carried out using SAS (1991). Daily milk yield, milk constituent 
yield, milk composition BW and BCS were analysed using covariate analyses taking out 
effects of treatment, lactation number, DIM and the appropriate pre-experimental variable.  
Results  
Mean herbage mass was 2670 kg DM/ha (s.d. 372). Mean pre and post grazing sward heights 
were 16.2, 15.9, 15.7 cm (s.d. 1.33) and 6.7, 5.7, 5.9 cm (s.d. 0.76) for HG, LG and 
supplemented herds respectively. Grass disappearance was 18.7, 15.0 and 14.4 kg/head per 
day (s.d. 2.65 kg) for HG, LG and supplemented herds. Treatment C had a significantly 
greater milk yield than HG, M and UP-WCW, which in turn had significantly greater yields 
than LG and F-WCW. Solids corrected milk (SCM) yield was significantly greater for C than 
HG, which was greater than M, UP-WCW and F-WCW. Treatment LG had the lowest SCM 
yield. Milk fat, protein and lactose concentrations, BCS or BW were not significantly 
different between treatments. The rennetability of milk tended to be highest in treatments M 
and F-WCW and poorest in C which was largely a reflection of milk protein concentrations 
in these treatments. 
Conclusions 
There is a large solids-corrected milk production benefit to supplementing grazing cows, on a 
restricted grass allowance in late lactation, with concentrates. Supplementing with other 
forages gave smaller responses, with extra herbage allocation being the best of the forages. 
Milk rennetability could be influenced by the type of supplement offered if the supplement 
influenced milk protein concentration. 
 
Table 6. Cow performance on the different supplements at pasture in autumn in 
experiment 4 
  LG
1
 HG
2
 C
3
 M
4
 UPWCW
5
 FWCW
6
 RSE
7
 Sig 
Milk yield (kg/day) 13.2
a
  15.5
b
  18.3
c
  15.0
 b
  14.9
 b
  14.2
 a
  1.56 *** 
Milk fat (g/kg) 4.31 4.25 4.04 4.21 4.31 4.29 0.37 Ns 
Milk protein (g/kg) 3.67 3.72 3.57 3.71 3.63 3.71
 a
  0.16 + 
Milk lactose (g/kg) 4.26 4.35 4.35 4.26 4.29 4.30 0.13 Ns 
SCM yield 12.6
 a
  14.9
c
  17.2
d
  14.5
b
  14.3
 b
  13.8
b
  1.35 *** 
BW (kg) 562 576 568 570 573 575 20.6 Ns 
BCS 2.83 2.77 2.81 2.80 2.90 2.87 0.16 Ns 
abc
Means within rows with different superscripts differ (p<0.05) 
1
17.5 kg of grass DM allowance; 
2
24 kg of grass DM allowance; 
3
LG + 4 kg concentrate DM  
4
LG +4 kg maize silage DM; 
5
LG + 4 kg urea-treated processed whole crop wheat DM  
6
LG + 4kg fermented whole crop wheat DM; 
7
 residual standard deviation 
Experiment 5 
The efficiency of N utilisation on diets containing grass silage, short-straw urea-treated 
processed WCW, fermented whole crop wheat, and maize silage 
Introduction 
Replacing grass silage with alternative forages like maize silage, fermented or urea-treated 
processed WCW could offer an opportunity to improve the efficiency of N utilisation. For 
example, it has been shown that supplementing the diet of grazing dairy cows with a low 
protein / high energy feed such as concentrate or maize silage, can increase the efficiency of 
N utilisation and reduce urinary N excretion (van Vuuren et al., 1993; Mulligan et al., 2004). 
As reported in experiment 3 in this report where the CP content of the total diet was 
maintained at a similar concentration across the mixed forage treatments dietary N was 
converted to milk N most efficiently on the maize silage based diet. The aim of this 
experiment was to investigate the effect of forage type when fed alone and supplemented 
with a fixed CP concentrate (different CP concentrations in the total diet on the different 
forage based diets) on N excretion by lactating dairy cows.  
Materials and methods 
Experimental design and treatments 
Twelve autumn calving Holstein-Friesian dairy cows were selected on the basis of average 
calving date and milk yield. Four of these cows were in their first, and the other eight cows 
were in their second to seventh lactations. The average pre-experimental milk yield was 29.3 
(± 3.72) kg/d and on average 130 (± 6) DIM at the beginning of the experiment.  
These animals were blocked into squares of four, one square consisting of primiparous and 
two squares consisting of multiparous cows, and from within these squares they were 
randomly assigned to the following four different treatments using an incomplete Latin 
Square design, which was executed across three experimental periods:  
1. Grass silage (GS) 
2. Fermented WCW (F-WCW) 
3. Short-straw urea-treated processed WCW (UP-WCW) 
4. Maize silage (M). 
The same concentrate consisting of soyabean meal (580 kg/t), barley (180 kg/t), unmolassed 
beet-pulp (180 kg/t), vegetable fat (30 kg/t) and minerals/vitamins (30 kg/t) was fed at a rate 
of 6 kg/cow per day with all forages and it contained 338 g CP/kg DM. The chemical 
composition of the forages and concentrate are shown in Table 7.  
The duration of each experimental period was three weeks, with the first two weeks being 
used as an adaptation period, and the third week for experimental sampling and measurement. 
Due to the fact that the primiparous dairy cows used in this experiment were observed to 
acclimatize to the experimental conditions very poorly, a decision was made to remove them 
after two periods.  
Measurements 
During week three of each period, the offered and refused diet was sampled daily. The cows 
were milked at 8.00 h and 16.00 h and milk yield was recorded electronically. Milk was 
sampled from Monday to Friday and total collection of urine and faeces was carried out for 
six days at the end of each period. Faeces was collected in plastic lined trays behind the 
animals and weighed and emptied once daily after the morning milking. A representative 
faecal sample was taken after weighing and manual mixing. Urine was collected with an 
external harness attached to the area around the vulva of the cow facilitating separation of 
urine and faeces. The urine was diverted via a light flexible pipe to a 60 l collection drum 
containing 150 ml of 25% N-free H2SO4. Urine was weighed and sampled daily after the 
morning milking. Urine, faecal and feed samples were immediately frozen after collection 
and stored at -20ºC until analysis. Milk samples were analysed fresh for protein, fat and 
lactose concentrations.  
Statistical analysis 
The data were analysed by analysis of variance using the PROC GLM statement of SAS 
(1991). The model included period, square, animal within square and treatment.  
Results 
Forage composition 
The average chemical composition and in vitro digestibility of the offered forages and the 
concentrate are shown in Table 7. The chemical composition of the forages was similar to 
that offered in the production trials. The concentrate had a high CP content which resulted in 
dietary CP concentrations in the total DM of 227, 155, 202, and 147 g/kg for treatments GS, 
F-WCW, UP-WCW and M, respectively. 
DM and N Utilisation 
The greatest N intake was recorded on UP-WCW (p<0.05) (Table 8). Cows on GS had a 
lower N intake than those on UP-WCW and higher than those on WCW (p<0.05). Faecal N 
output was greatest on UP-WCW (p<0.05), intermediate on M, and lowest on GS (p<0.05). 
The WCW treatment was not significantly different to GS or M for faecal N output. Urine N 
excretion was greater on UP-WCW and GS than on M or WCW (p<0.05). Milk N output was 
greatest on F-WCW and UP-WCW (p<0.05), and lowest on GS (p<0.05). Apparent N 
retention was greater on M than on UP-WCW (p<0.05).  
The greatest proportion of N intake excreted in urine was recorded on GS (p<0.05). Of the 
four treatments, M recorded the lowest proportion of N intake excreted in urine (p<0.05). The 
efficiency of conversion of dietary N to milk N was greatest on F-WCW and lowest on UP-
WCW (p<0.05). There was no overall effect of diet on the proportion of N intake that was 
retained (p>0.05). 
Table 7. Average forage composition across the three experimental periods ((g/kg DM), 
except for pH) 
  Grass 
silage 
Fermented 
WCW 
Urea-treated processed 
WCW 
Maize 
silage 
Concentrate 
DM 205 430 780 299 873 
ash 72 41 30 40 101 
CP 167 91 153 82 338 
NDF 565 380 336 414 185 
ADF 391 222 201 239 85 
Starch 6 341 398 290 100 
DMD 687 710 784 739 886 
OMD 676 713 786 736 880 
DOMD 629 686 763 706 792 
pH 4.1 4.1 7.0 3.9 - 
Notation as in Tables 1 and 3 
  
Table 8. Effect of forage treatment on DM and N intake and output in experiment 5 
  GS1 F-WCW2 UP-WCW3 M4 s.e.m. 
N intake (g/d) 540
b
  495
c
  646
a
  500
bc
  15.8 
N output (g/d) 
Faecal N 150
b
  159
bc
  228
a
  192
c
  12.3 
Urinary N 274
a
  177
b
  288
a
  153
b
  8.0 
Milk N 108
b
  133
c
  128
ac
  115
ab
  5.3 
Apparent retention
1
 11
ab
  25
ab
  3
a
  40
b
  12.8 
N output as a proportion of N intake 
Urine N 0.51
b
  0.36
d
  0.45
a
  0.31
c
  0.013 
Faecal N 0.28
b
  0.32
c
  0.35
ac
  0.39
a
  0.017 
Faecal and urine N 0.78
a
  0.68
b
  0.80
a
  0.69
b
  0.015 
Milk N 0.20
ab
  0.27
c
  0.20
a
  0.24
bc
  0.012 
Apparent retention
1
 0.018 0.053 0.002 0.071 0.0211 
abc 
Means within rows with common superscript are not significantly different (p<0.05) 
1
 Calculated by difference (Retention = N intake – faecal N- urine N – milk N) 
1
Grass silage as the only forage plus 6 kg concentrate; 
2
 Fermented WCW silage plus 6 kg of 
concentrate; 
3
 Short-straw urea-treated processed WCW plus 6 kg of concentrate; 
4
 Maize 
silage plus 6 kg of concentrate (MS). 
Conclusions 
There were substantial differences in N excretion in faeces and urine and in the efficiency of 
conversion of dietary N to milk N on the four forage diets. The UP-WCW and GS treatments 
were the least environmentally efficient diets with substantial amounts of N excreted in the 
urine.  
The results show that grass silage and urea-treated processed WCW supplemented with a 
high CP concentrate are less N efficient and potentially more environmentally hazardous than 
maize silage or fermented WCW. 
  
References 
 Hameleers, A. (1998). The effects of the inclusion of either maize silage, fermented 
whole crop wheat or urea treated whole crop wheat in a diet based on a high quality 
grass silage on the performance of dairy cows. Grass and Forage Science 53:157-
163.  
 Jackson, M. A., Sinclair, L. A., Readman, R. and Huntington, J. A. (2003). 
 The effects of processed whole crop wheat, maize silage and supplement type to 
whole crop wheat on the performance of dairy cows. BSAS Winter Meeting, p117.  
 Jackson, M. A., Readman, R., Huntington, J. A. and Sinclair, L. A., (2004). 
 The effect of processing at harvest and cutting height of urea-treated whole-crop 
wheat on performance and digestibility in dairy cows. Animal Science, 78: 467-476. 
 Kristensen, V. F. (1992). The production and feeding of whole crop cereals and 
legumes in Denmark. In: Whole Crop Cereals. 2nd ed. (ed. B. A. Stark and J. M. 
Wilkinson), pp 51-77. Chalcombe Publications, Canterbury.  
 Leaver J. D. and Hill, J. (1995). The performance of dairy cows offered ensiled 
whole crop wheat, urea-treated whole crop wheat or sodium hydroxide-treated wheat 
grain and wheat straw in a mixture with grass silage. Animal Science 61:481-489.  
 Lowman, B.G., Scott, N. and Somerville S. (1976). Condition scoring of cattle. East 
of Scotland College of Agriculture, Bulletin No. 6, The Edinburgh School of 
Agriculture, Edinburgh, U.K.  
 Mulligan F.J., Dillon P., Callan J.J., Rath M. and O’Mara F.P. (2004). 
Supplementary Concentrate Type Affects Nitrogen Excretion of Grazing Dairy Cows. 
Journal of Dairy Science 87: 3451-3460.  
 O’Kiely, P. and Moloney, A. P. (2002). Nutritive value of whole crop wheat and 
grass silages for beef cattle when offered alone or in mixtures. Agricultural Research 
Forum 2002 page 42, ISBN 1 84170 280 3.  
 Phipps, R. H., Sutton, J. D. and Jones B. A. (1995). Forage mixtures for dairy 
cows: the effect on dry matter intake and milk production of incorporating either 
fermented or urea treated whole crop wheat, brewers grains, fodder beet or maize 
silage into diets based on grass silage. Animal Science 61:492-496.  
 SAS User’s Guide: Statistics. (1991). SAS Institute, Cary, NC. 
 SAS Institute (2005). User’s Guide version 9.1: Statistics. SAS Inst., Cary NC, USA. 
 Sinclair L.A., Jackson, M.A., Huntington J.A. and Readman R.J. (2005). The 
effects of processed, urea-treated whole-crop wheat or maize silage and 
supplementation of whole-crop wheat on the performance of dairy cows. Livestock 
Production Science 95:1-10  
 Sutton, J. D., Abdalla, A. L., Phipps, R. H., Cammell, S. B. and Humphries, D. J. 
(1997). The effect of the replacement with grass silage by increasing proportions of 
urea-treated whole-crop wheat on food intake and apparent digestibility and milk 
production by dairy cows. Animal Science 65:343-351.  
 Sutton, J. D., Phipps, R. H., Cammell, S. B. and Humphries D. J. (2001). 
Attempts to improve the utilisation of urea-treated whole-crop wheat by lactating 
dairy cows. Animal Science 73:137-147.  
 Van Vuuren A.M., van der Koelen C.J., Valk H. And de Visser H. (1993). Effects 
of Partial Replacement of Ryegrass by Low Protein Feeds on Rumen Fermentation 
and Nitrogen Loss by Dairy Cows. Journal of Dairy Science 76: 2982-2993.  
  
Publications from this Project 
 Burke, F., O’Donovan, M., Murphy, J.J., O’Mara, F.P. and Mulligan, F.J. 
(2007). Effect of pasture allowance and supplementation with maize silage and 
concentrates differing in crude protein concentrations on milk production and nitrogen 
excretion by dairy cows. Livestock Science (submitted)  
 Burke, F., Murphy, J.J., O’Donovan, M., O’Mara, F.P., Kavanagh, S. and 
Mulligan, F.J. (2007). Comparative evaluation of grass silage, fermented whole crop 
wheat, urea-treated processed whole crop wheat and maize silage in the diet of early 
lactation dairy cows. Journal of Dairy Science 90: 649-658  
 Burke, F. M. (2006). The effect of forage and concentrate type on milk and milk 
protein production efficiency and nitrogen excretion by dairy cows. M.An.Sc. Thesis, 
National University of Ireland, November 2006.  
 Burke, F., O’Donovan, M., Murphy, J. J., O’Mara, F. P. and Mulligan, F.J. 
(2006). The effect of supplementary crude protein concentration on the performance 
of grazing dairy cows. Sustainable Grassland Productivity: Proceedings 21
st
 General 
Meeting of the European Grassland Federation, Badajoz, Spain, ISBN 84 689 6711 4, 
3-6 April, p188-190.  
 Burke, F., O’Donovan, M., Murphy, J. J., O’Mara, F. P. and Mulligan, F.J. 
(2006). Effects of offering high and low crude protein concentrate supplements and 
forage to grazing dairy cows in spring. Agricultural Research Forum Summary of 
Papers, ISBN 1-84170 451 2, p13.  
 Burke, F., Murphy, J.J., O’Donovan, M., O’Mara, F.P. and Mulligan, F.J. 
(2006). Comparative evaluation of conserved grass, fermented whole crop wheat, 
urea-treated processed whole crop wheat and maize silage in the diet of early lactation 
cows. Agricultural Research Forum Summary of Papers, ISBN 1-84170 451 2, p112.  
 Murphy, J. J., Burke, F and Kavanagh, S. (2006). Alternative forages for autumn 
Calving dairy cows. Moorepark Dairy Levy Research Update Series No. 4, – key 
technologies to increasing efficiency with autumn calving dairy cows, p33-38  
 Murphy J. J. and Kavanagh S. (2004). Results on alternative forages in autumn 
cows. Irish farmers Journal, June 5.  
 Murphy, J. J., Kavanagh, S. and Fitzgerald, J. J. (2004). Comparative evaluation 
of grass silage, fermented whole crop wheat silage, urea-treated processed whole crop 
wheat and maize silage in the diet of early lactation cows. EAAP Book of Abstracts 
No. 10, p95, 2004.  
 O’ Donovan, M., Kennedy, E., Guinee, T. and Murphy J. J. (2005). What 
supplementation type for spring calving dairy cows at grass in autumn? In: Utilisation 
of grazed grass in temperate animal systems (ed. J. J. Murphy), Wageningen 
Academic Publishers, ISBN 9076998760, p 233.  
 Olsson, H. M. V. (2005). Development of a model for formulating dairy cow and 
beef cattle diets to reduce nitrogen losses to the environment. M.An.Sc. Thesis, 
National University of Ireland, November 2005.  
 
